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Tl - EXTRACTION OF 3-HYDROXYALKANOIC ACID 

AB - PROBLEM TO BE SOLVED: To efficiently extract and separate the 

subject compound by adding a divalent or polyvalent metal salt and a surfactant to a 

suspension of a microbial cell of a poly-3-hydroxyalkanoic acid-containing 

microorganism in an extraction solvent and flocculating and removing an undissolved 

cell residue. SOLUTION: A divalent or polyvalent metal salt (e.g. calcium chloride, 

etc.), and/or a surfactant (e.g. benzyltrimethlammonium chloride, etc.), is added to a 

suspension of a microbial cell of poly-3-hydroxyalkanoic acid (PHA)-containing 

microorganism [e.g. Aicaligenes eutrophus A32C(FERM P-15786) strain into which a 

PHA synthase gene derived from Aeromonas caviae is transferred, etc.], and an 

extraction solvent (e.g. chloroform, etc.), and undissolved cell residue is flocculated 

and removed from the PHA-containing solution to readily obtain a high-purity poly-3- 

hydroxyalkanoic acid useful as a biodegradable plastic, etc., in an improved 

efficiency of industrial production at a low cost. 
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IH*ro^ y -3-tKP **/T>\<ji vm<r>famftMl5 

& 

mmx-hzm-m. 1 sta 2 iafj©»itj#i*#fc 

[»*«4] #y-3-fc Knaf-i/r^*vifc*K D- 
(3HB) iD-3-tKo 
dr-^df^yx-h (3 HH) i©2#£#*£#, 4 
fcfi, D-3-tFP^>/fl/-h (3HB) tD- 
3-fc K»*i"<H'— b ( 3 H V) tD-3-tKo 
dr^^rf-yi-h ( 3 HH) i © 3 
5BI*« 1 ~ 3 |S«Ottttl^«tm 

[0 0 0 1] 
[0 0 0 2] 

^ <P i t t>ic, y t^^/Vi'7rA{Mii^ofc5 0 

[0 0 0 3] Z.hb$iftM7yX^y?<D'p-Vh, #'J 
-3-fc Kodf-^T/W*VS6 (MPHAtftt) f*# 

^^tts^^tt&^-r^fiwmtt^y^^x/w 

t, mU^m<D4y7°yy IgWStti: LT©fiJ 

[0 0 0 4] *£»K:J:oT&/fc<5;h,fcPHAtt, «® 



Mfflm-zffiftxDjjmk lt, pha^-st 

»^***«»WfilfcPHA«r»«!**-Cttll}-f5^ft 
i\ PHA£ii^o«(W(|j«rt»SrBr*fl:**r»<ri: 
KJ:DPHAt#S*Stt!iS*,5 s 
[0 0 0 5] taBfflR«rfflV^PHA©ttffl»|t*ftt 
LTte, MxJil, 2-^ppi^^bpWA 

Xm^-^m (#WBS5 5-1 1 8 3 94^ #HflS5 
7-65193 -t) . ^drf-^ (#PPg6 3- 

1 98 99 1f) tfcuyp^^sj— A- (#5B¥0 2 
-6 9 1 8 7#) tfctt^hyt FP79V mm¥0 

7-7 9 78 8t> ©*fc**tt<Dttiii*a«r/fl^;fc# 

PHASr36ffljc»f5aifl[4-e«f#Li5 4:i-*i. * 

fctfflaHt fc P H A*^tf««W i »»«**»fcHJi 

[0 0 0 6]-*, PHA^O»^*^^Sr«r^k 
S*T»< rtfciO PHAS:#5*iBtvKoAHiJB 
$JVTV 1> 5* 5 (J. Gen. Microbiolo 
gy, 1 9, 1 98-2091 (1 9 58) , #&JF0 
4-6 1 6 3 8^ 08-502415 3\ ^HS 

spO 7-177894^-) , PHAOf L^i^W 5 
jB£ofct>» #6>ft5PHA©«**ittV^«oraffijS«r 

[0 0 0 7] 

i*^#»uj:5t-t-5pa] *%m<vnmz, mas. 

fc*»o itMVmt. k P HA *$tri*KJI k &«r* J; < # 
[0 0 0 8] 

[■WSrWft1-6fc»©^a:] pha£ 

PHA**frr5*±*0*4ftffi«K©«»* 
2tiS£*±©&J|ii > 4fctt|?.®^tt^J^^Pi-Si 
tic it). J4ffi»tlc:Sf*fUft^ofciWjasS*^S 

[0 0 0 9] BP*>, *5IWB, PHASr^-t-Sa^ 

Nftc&MttMiKoWWRIc. 2«&±co&«£*5j;tf/ 
4fctt#ffi^tt^JSr»PLT, PHASr-gtfSSR^b* 
^«^?r«$*-C^*-rs C k SrW« t"T 5 P 
HA©ttW»|f*ifeK:M-f 5. 
[0 0 10] »4LV^ft^«t LTtt, fffflffittffll^ 
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[ooii] L^mimmbLx\^ pha& 

[00 1 2] XfcBOOffS UV^HJfijifllt LTtt, PH 
A#, 3HB> 3 HHt© 2 3 
HBi 3HVi 3HHt©3rt^#*^-#-Cfc5±|Btt 

[0 0 13] 

fcPHA*r#«LTV^*«**T*iili»fclWfeS*u!e 

v\ 09*}*, r/u* y ■ y # y f # (a i c a 1 

igeneslipolytica), y 
■ .3. t? )> p 7 7 (Aicaligenes en t r 
o p h u s) , 7 A'* y • 7^* (A i c a 1 i 

genes 1 a t a s ) ^©7A-# 'J y**S (A 1 
c a 1 igenes) , is 3.$ K^e-f^JR (Pseud 
omo n a s) , /<fvw;*Jl (Bac i 1 lus) , 7 
y h/^^ ? — jg (Azotobacter) , J % )V? 
-f 7JR (No c a r d i a) , Tain^^Ji (A e r 
omo n as) ©^ri^tf ?>H, t^t), Tps^ 
• ^f^y t'cc- (Aeromonas caviae) ^?© 
8t*, rxp*t^ • ^^tr3:ft5l5roPHA-g- 

.3.^7 ho7r^A3 2C ($ft#-S|-FERM 
P-1 5 78 6) #*»J:0<f*U\ 
[0 0 14] £ft&©*£*©«f*#8ctt, PHA«r# 

09x.tf, fitflST/W* yy^^. • hn7 T * 
A 3 2 C (F E RM P - 1 5 7 8 6 ) SrfflV>5#-&lC 
tt, J. Bacteriol., 179, 4821-4 
8 801 (1 9 9 7) m^MVfiWttmi U\ 

[0 0 15] *3SW^*3lt5^y-3-t Kn^WA' 
(PHA) ttt, ^fcPS^ttftV^, D-3- 
th'B^fV-h (3HB) <0**sKy ^3H 
Btffi03-t Yv*isT/i>j}ymb<D&m$mWt. 
L<, JEUUi, 3HBtD-3-t Kn^^^-t/x 
— h (3HH) i© 2 (Ma c r omo I 

ecules, 2 8, 4 8 2 2-4 8 2 8 (1 9 9 
5) ) *fcti, 3HBiD-3-tKB*^l/l/-f- 

(3HV) t3HHi©3^*IM (^H^OS- 

2 89 7 9 7^) ftiftfS, »tt<OBa>e)J;5ff*UV\ 
rrt?, 3 H B i 3 HHO 2 ^M^tiitSI- 

©■fii&V ^S, 3 HBa= ■> b ©-&#S* 5 1 ~ 9 9 ^A- 
%£V^fcffl$it©fc©/5W®-C ! fc5o 3HBi 

3 H V t 3 H H i: © 3 &#/&-f 5 / 

h©»j£Jtteo^Ti*#ic&;£$fr5%©^tt 

fcV\», WAtf, 3HB^yhtWl~9 5^V 
%, 3HVa=s/ h^f tlJ s l~9 6*;V%, 3 HH^ 



- V b 1 ~ 3 0 *A-% t V fcjjaj£lt© t> ©tf* 
»j8t?fc5„ tfcrHfePHA©^SI41 O^ULhtf* 

[0 0 16] PHA©»£^#*©^fsm, i«vvfr 
aw*u>©!i^#rt*&!9, xnu^v-wiifflicfc^ 

Ttt(^*{M>fc 2 0 L<, ttfflji 
ft* 3»IWIs ^»1«y^-©«**«r#*1-5 4:BO 

J: o I- LT^« LT#e>ftfc*£«MMt:«r, 
#$tLfca«ft£LT^©:3;*/i!^-C»b&^U £fcte 

®g&»&g, h y * 

ftro-SEfcl&SLTPHA©^^^^©^^ 
[0 0 17] >W6WT*«Effl-r5PHA©affl«BKt LT 

PHA^«fi-sfc©-efc*vrf«Fitis^s^-f, w 

:^y, tfy-yy, 1, 2-7°nf U^-^-b© 

^^r-feh-by/v^r^b©^©?!^, «a 

o b zJnA-A t * 9 / ~)^<D%-^t^ J ^9 n n *A-A 

[00 1 8] #JW3t»ttffl?-6&JR£iL-ttt. 2«*( 
*fttftffc:|Rj£i5F;tvf. WtytUTIt 

^-yttri*, mtVMXy, sMwa-v, jvi-f* 

y, «BB6'T^>', ^-T^y^^^if f,^, ^jam©A 
f*W*Wtbtf4, Sfb^A'i/^A, itft-r^VC 

f/wryt^^Ayn 5 K, K-r V/v-f y 'J^ty&P n 
y K, rf7rWyt=!)i«^p5 K, -fef-;>fc:°y 

p?k, 4, 4-hyyf-yyfx d-^/H^y 
^y) , H)yf/u7x^vry^i)A^p? K, 
VV/VYV If-AsT n y K, ^dff-r-y/v 

hy^f/i'/y^s^A/p? k, rt??y8 6 (?E 
i^s^ttSi) ^?^24P (?Eiflca^a«) * 

[0 0 19] 4tt-?WiTS4kMM*MBmM<om 
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9 0. o o l~l 0S*%©|BH©»ftt45J:5fc* 
*B1-5W^*L<, Sbfctt, 0. 0 1~5E*%© 
<EH©**i s i 9 bv\ o . 0 0 1 aa%KT»jR 
*r«3»**sfi< % 1 oa*%*r«*.5»*«>»#, a 
* h©ffi^P>£$L<&V\, 
[0 0 2 0] *HW»C*3V>rtt, ±IE^:Ji±gi#ffifiH4 

wmmm^nx^n lx ttmmmmprzo&Mm.* 
Lit® 5 u\ w^mw^mmnmrnt^-m 

[0 0 2 1] *»WK33V^I4, PHAmtStS 

#BflHt«i«raaip*aa-f a c t x% mmm^o^mmm 

jBMWKfttSfcftK, PHAMKMMJicafftfi 

4 Z 6*ir v > 3 ijffl -e * 

JWttfctt$§6, 5*, M (^'/*) , #?Ltt-i? 

io»*»fei»IBi«U ■Sfc;frtt, fct*.tf*3l« 
[0022] z<Dm\ci-x^mmm^mmt^mLx^ 

6>nfcPHAJS«o#!J^-*B«H:*»Ki«<, CitiS: 

«fbW»frfflv^1Efcll*ft*±4*8 - k tffl**. 
[0 0 2 3] 

S3 r. ft b ©SUfeWnlSJt £ ft5 <fc o-ciiftv \ 

[00 24] 1 ) 7iD*t^ ■ f^S5!5 

ai?hp7r^ AC32 (^te#^"FERM P-l 
5 7 8 6) tfc&, J. Bacteriol. , 179, 
48 2 1-4 8 3 05 (199 7) KWM<OljmX^m 
L (i&it : Na 2 HP0 4 '12H z 0 11. 3g, KH 2 P0 4 1.9g, (NH 4 ) 2 

so 4 6 g , yni^^ mmm^m m) s io g , m e scv 

7H 2 0 lg, -Y^m 50g, »*&JS7cSi^« (»$ : FeCl 2 
•6H 2 0 16. 2g, CaCl 2 '2H 2 0 10. 3g> CoCl 2 '6H 2 0 0. 2g, Ni 



C1 3 '6H 2 0 O.lg, CrCl 3 -6H 2 0 16. 2g, CuS0 4 -5H 2 0 0. 2g / 

1L 0. 1N-HC1) 5ml / 1L, p H 6 . 7 , *g#?l||30'C > 
«*^ra72^ffi) x 3HBt3HHt©2M#Mft 

(3HBasy h : 3HHa=y h=9 0 : 1 0 
it) « moo?J) SriK)5 0fi*%^Lfc« 

m^L^FifeSI (5 0 0 0 r pm, 10 
mi n) LXigmmfrbttMU Mfti: Lit, £©« 
tftttrftltftlftU «jft«#tuyt©felc, KSMWC 
5 0g/l t^Si^l^oo^ACiiU 
5 mmmfti X 3HBi3HHt02 f£#£fi£ft 

©tttutfrofc. r©«^*»ft:*^tri*ffl«fc, »>r 

?o!) KtlOg/1 fc4SJ:5lG!iP*.-CS[fcil*BlI 
jftSL No. 4) Srfflv^Slljn-HcTK3l5iiU 

t£&b*fi/~ A'tflHtTSHB t3HHtro2^* 

TIH^Lfc, #t>ixfc3HB,fc 3HHi©2J*##S 
£tt©@JR$£f)-*Lfc£;:5, 9 8%T*ofc, 
[0 0 2 5] (SS*«2) 56««lfcj3V>-r, R^^-y 

k 3 HH k O 2 ^*fi-g-fr©[H]lR*i4 9 6 %-Cfoo 
fc. 

[0 0 2 6] (HUMS) HJg^JllC*3V>T, ttffl^ 

KPIiwSfpS-tTofco #6lxft:3HBt 3HHi©2 
J«»*«^-*©lHjlR*tt8 7%-Cfcofc 0 
[0 0 2 7] 4 ) gum 1 -CWfeiXfcS** 

S£j»i-5ri:/S< 50g/l k J; 5 l-v 1 h 5 1 

3HBt 3HHt©2^*fi-g-«:©fttt!€:tT-3fco r. 

/ 1 i ft & J: 5 lo»*.-C3Sfc l R$Pfl&# U*^*ilJSa 

a-twi**, rftt^tt (fluuatfp^fw. no. 4) 

»U 3HBi3HHfc©2^#m-gH*©ISii**fa 
<Xfc 3 HB £ 3 HH t <D 2 ^*fi-g-ft:©ll]lR^f4 8 0 

%-efcofc„ 

[0 0 2 8] M5) ^*0lj4(C*5V>T, S-fb^/V 

HL.fcm^ttH«©*^&fTofc 0 3 HB t 3 

HH£©2^*S^#:©I1]W[4 8 3%T$>ofc 0 
[0029] (HJI#IJ6) T/wy?** ■x.VYvy 
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7* (ATCC 1 7 6 9 9) flcSr, ^/W a-* 
tLt««L 20g, Na 2 HP0 4 -12H 2 0 

9g, KH 2 P0 4 1.5g, (NH 4 ) 2 S0 4 6g, MgS0 4 '7H 2 0 0.2g, 
f8S&JR7C*?£K :FeCl 2 '6H 2 0 16. 2g, CaCl 2 -2H 

z 0 10. 3g, CoCl 2 '6H 2 0 0.2g, NiCl 3 '6H 2 0 0. lg, CrCl 3 - 
6H 2 0 16. 2g, CuS0 4 -5H 2 0 0. 2g / 1L 0. 1N-HC1) 5ml / 1 

l, P H6. mmmwx;, %mm4 8m) , 

3HBO*t#5v- (3HB3.= S 'b 100%) 
flf&S (5 0 0 0 r pm, 10m in) LXm%WH)>h 
Lfcotic, ftfttt#-?5 0 g/1 t/iSipfr 

Wyt^^^D!) KtlOg/i i: ft Si Si-* 
x.TMtc 1 «*HI«J*L* n p */UAfc»fcL4vtfWSR 
rftSrSJift (fflm8ft9r& No. 4) 

fi^i!l£J:<3£*»ffiTfc8;*iLfc„ #b*vfc3HB 

[0030] mmm 7) mmm 6\a$^x s m 

n y KSr^f-rV/uh y ^W^-W^o 5 K 
fcSC3ELfcK^ttlBI«©tW^*tfo3t. #^3HB 
y -7-W@)tK^(4 9 4 %-C*fcofc„ 

[0031] mmm s ) e icm n\ 

St^pp^/i^^t h7t KP7y^^^j5Ufc^ 

[00 3 2] 9 ) 3WJ 6 X& ibti±mm#- 

Sr, W5^i/i< 5 0 g/1 i5Krh7t 

^tfttttl^, Sfctf/i^Afcl 0g/l fcfc$«fc5 
teJqfc-CJEl;: 1 RfW&#L^$if»MgS£^*£*> 

r^sr^a (flsmsaf^fss, no. 4) *m^xm\kv 
btifc«§r, u 3hb* 



*!3 8 1%-Cfoofc. 
[0 0 3 3] (gttffllO) StE««9t*SV^. SHt# 

&frofc 0 #?>tifc3HB*;*^y-7-co[i]JtSi^(4 8 3 

[0034] mmm 1 1 ) mmm 1 tua wc, r;w* 

AC32 (FERMP-1 
5 7 8 6) SrT^P^E-t-^ • ^r-Y hT^ FA4 4 0 (*F 
MfFERMBP-34 3 2) fcSHELfc£WU*l«]« 
G9:£#T*ig3£U 3HBfc3HHi«D2^*i^ 
(3HB3.= y h : 3HH^.= s> h= 1 0 : 9 0 fr/U 
it) ) £&3 0 LfcKftfcWfc. rftfcig^ 

ftfi&S (5 0 0 0 r pm, 10m in) LT1#«^ 

Lfc©t>|c, «i**fr?5 0g/i fcfc5J:5 

|C^PD*^AKBWU ^i.t?5^ffi»#^fToT3 
HBi3HHi©2SMI^©affi&lTofe 0 

y yf*ry*=!)A^ y k& i o g /i 
5 KMHrHK. 1 NfW«#L*^«BM*«r 
r^Sr^HR (miUMttm®, No. 4) 

^•cffiiup-nc-cK3i5iiu m&mtm&&&im 

tt3HBt3HHi©2 /S^S-g-frcD^i, W $ 
*, »BBf**5iltJ:0**«ETfcWI»Lfc. ^feft 
fc3HBi:3HHi©2 l&ft&m-&fa(D®iRm&UW- L 
fctC5> 9 6%t?fcofc t 
[0 0 3 5] (JttfcW 1 ) ^JSFll 1 K*5WC\ 
by ^f/i-ryt^^A^P?^ K^gxtaLft^ofcEA 

mtmmmftmitco z®<o&mx<sm*)mi> 

[0 0 3 6] (Jfc«09 2 ) HJfcflJ 6 {C*3V ^f, ^^S?^ 
[0 0 3 7] 

mmm\^ma-tht^om^x^mtmm^^x, 
mmm^m^m^xm^iri r. t * Tsnet « 

?S*fe^ J; 5 P H A©iHW^co^lRj±*3 J; 0 s = ^ 
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